
Basic parameters and functions 
of an analog spectrum analyzer 
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• For broadband noise with BW > RBW, power is proportional to RBW. 
 
• For narrowband (e.g., CW) signals with BW < RBW, power is 

independent of RBW. 



Detectors in spectrum analyzers with digital displays 
 

Most modern spectrum analyzers use LCDs to display spectra, rather than 
the CRTs of older (purely analog) analyzers.  With digital displays, the 
display resolution in both frequency and power is more limited. 
 
The finite number of pixels in an LCD (as opposed to the effectively infinite 
number for a CRT) means that, for wide frequency spans and narrow 
RBWs, each pixel has to represent the spectral information for many 
sample points that lie within the frequency span of the pixel.  It is left to the 
user to select which point to display in each pixel.  Typical options include: 

• Max peak (or simply peak) – the sample with the maximum power 
• Min peak – the sample with the minimum power 
• Sample  – a “typical” value, usually either the first (in frequency) or 

central sample for each pixel 
• RMS  – power corresponding to the square of the RMS (root-mean-

square) voltage magnitude of the samples for each pixel 
• Average  – power corresponding to the average mean voltage 

magnitude of the samples 
 

From Fundamentals of Spectrum Analysis by Christoph Rauscher, 
Rohde & Schwarz, 2007 



Which detector type to use depends on the nature of the signal. 

• In the presence of narrowband signals, max peak ensures that no 
signal is missed. 

• When only broadband, noise-like signals are present, sample, RMS, 
or average detection better represents the spectrum than does max 
peak, which will show the upper envelope of the spread in power. 

 

 

From Agilent Application Note 150: Spectrum Analysis Basics 



RFI-rich spectrum using peak (top) & sample (bottom) detection 
 

 
 

       





Example: 
Ripple in IF power spectrum 
due to multiple reflections over 
0.7-meter and 5-meter cable 
lengths. 



[ mod(t) = 0 ] 





Measuring carrier phase noise  
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• Phase noise of a carrier = total power in two modulation sidebands 
• RMS phase jitter of a carrier in radians =  
  sqrt [ (power in 2 sidebands) / (power in carrier) ] 
 
 

Example: Calculate carrier phase noise for spectrum above, 
out to the “knees” in the spectrum 

 
     Phase noise level is -30 dBm/RBW out to 6 RBWs away from carrier. 

→ power in 2 sidebands = 2 x (0.001 mW / RBW) x (6 RBW)  
                    = 0.012 mW 
In practice, power is usually calculated from frequency span & RBW. 
For example, if span = 12 kHz and RBW = 1 kHz, 
    power in 2 sidebands = (0.001 mW / 1 kHz) x (12 kHz) = 0.012 mW 
 
Power in carrier  =  0 dBm  =  1 mW 
 
RMS phase jitter of carrier  =  sqrt [ 0.012 mW / 1 mW ]  radian 
       =  0.11 radian  =  6 degrees 













Indirect detection of severe phase cal modulation
 
 

8-MHz-wide baseband spectrum with phase 
cal tones with modulation sidebands – 
spectrum measured with 10 Hz RBW 

Same spectrum as below but 
measured with 1 MHz RBW – 

phase cal tones not visible 
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Measure the strength of phase cal relative to system noise in two ways: 
1. Measure height of phase cal tone relative to broadband system noise 

with a narrow RBW.  Typically phase cal is about 30 dB above noise 
with a 10-Hz RBW.  From this measurement, calculate ratio of phase cal 
tone power to system power over a 1-MHz bandwidth.  Value should be 
approximately –20 dB, i.e., phase cal is ~1% of total system power. 

2. Using total power detector, measure change in baseband power level as 
phase cal is turned on and off. 

Compare the estimates of the pcal/system power ratio from the 2 methods.  
If the first ratio is smaller than the second ratio by >1 dB, phase cal power 
is probably being lost to modulation sidebands, which might not otherwise 
be easily observed due to their unknown frequency range and structure.





 



SDR-IP software-defined radio 
 

http://www.rfspace.com/RFSPACE/SDR-IP.html 
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Modern & New Spectrum Analyzers 

for the Mk-5/VLBI2010 World 

Thanks to Brian Corey & Rick Hambly for helping in my absence. 

Tom Clark 

NASA Goddard/NVI 

k3io@verizon.net 

In VLBI, Spectrum Analyzers are used to: 

Detect & Identify external sources of RFI 
Commercial Microwave RF Analyzers (1-20 GHz) 

often cost $5000 - $30,000 

Detect & Identify local sources of RFI 
Most often at IF frequencies (DC-3 GHz) 

Well matched to a new generation of SDRs (Software Defined 
Radios) being developed by the Intelligence Community and by Radio 
Amateurs 

A major part of the SDR is implemented for cheap PCs 

Several low cost ($500 - $2000) hardware platforms are available 

Much Software comes from the Open Source, Public Domain world  

This contribution will report on some of the low cost SDR 
options that are now available. 
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In the Mark-3 world we monitor Phase Cal 
Signals in the final baseband (“video”) IF 

LNA 

PCAL LO=8080 

IF 
Amp 

f=325.99 

10 kHz BPF 
& Scope 

HP 3528 
FFT Anal 

THE “OLD” 
WAY 

10 kHz USB Only 

THE “NEW” 
WAY with 
$500 SDR 

and 
a small 

Netbook PC 

10, 1010,2010…. kHz USB 
or 

990,1990, 2990….kHz LSB 
with 

50+ dB Dynamic Range 

In this case, we look at the Phase Cal signal 

at 8080 + 325.99 – 5.990(LSB) = 8400.000 

In this case, we see a span of  ±600 Hz around the Phase Cal “rail”.  

The Resolution Bandwidth (RBW) is 0.85 Hz  and the screen is 

showing a 40 dB amplitude range. 
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In the new Mark-5 Digital Backend, the analog 

Video Converter function becomes Digital.  

The equivalent of the VC’s USB/LSB BNC 
jacks exist only inside a Xilinx FPGA. 

LNA 

PCAL 

Microwave 
Fiber 

UDC = 
UpDown 

Converter 
= First LO  

RDBE = 
Digita l 

Backend = 
2nd LO 

&  
Digital 

Baseband 
Filters 

& 
Formatter 

Mark-5 
Disc 

Recorder 

Real Soon Now, the RDBE Firmware will 

provide a digital monitor output: 

PolyPhase 
Filter 
Bank 

Sampler 
& 

 A/D 
Conv  

“”Formatter”
” 

2-Bit Samples for each 32 MHz PFB channel 

Isolation Buffer 
Tap the Sign Bit 
For monitoring 

Disk 
Array 

Monitor 

0.5-2.5 
GHz 
IF IN 
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Will we be able to monitor using just the Sign 

Bit ? 

 

Some Commercial SDRs 

RF Space (http://www.rfspace.com) in Atlanta GA makes 
several SDR’s: 

The $500 SDR-IQ (used in the previous example) covers the 
DC-30 MHz range with up to 192 kHz bandwidth. Interface is 
USB. This is  competent small, cheap SDR that is a very useful 
piece of test equipment 

The new $3700 SDR-IP looks like a perfect VLBI Phase Cal 
monitor. It’s internal clocks can be locked to the Maser for fully 
coherent system monitoring. It interfaces via Ethernet and TCP/
IP packet covering up to 2 MHz bandwidth in the 0-34 MHz 
frequency range. I hope to be able to try one soon. 
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The Funcube Dongle (http://www.funcubedongle.com) was 
developed by AMSAT-UK members to support their 
educational Funcube cubesat. The FCD is very interesting in 

that it covers the 65-1700 MHz frequency range with spans 
~80 kHz wide. It is self-contained in a USB plug and costs < 
$200.  The FCD has (so far) been available in only limited 
quantities, but the ~800 users around the world have 
managed to make it usable on Windows, Linux and Mac 

compiuters. 

Some (sort of) Commercial SDRs 

The $700 “Quicksilver” QS1R (http://qs1r.wikispaces.com or 
http://www.srl-llc.com/ or http://groups.yahoo.com/group/qs1r/) 
by Software Radio Laboratory in Columbus OH shows much 
promise. It covers DC-62 MHz (or up to ~500 MHz when 
oversampled) with up to 2 MHz bandwidth. The QS1R interfaces 
to its PC by USB. The entire design and all its support software is 
“open” licensed. 

Some Commercial SDRs 
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The Italian Pegasus SDR is available for $1000 in the US 
(http://www.universal-radio.com/catalog/commrxvr/0122.html) is 
quite similar to the QS1R but only covers 40 MHz.  

Some Commercial SDRs 

Some Commercial SDRs 

Flex Radio (http://www.flex-radio.com/) instrumental in 
introducing amateur radio to the SDR world.  Most of Flex’s 
efforts have been targeted towards full (receive + transmit) 

radios. Shown is their low-end Flex-1500, a $650 DC to 54 
MHz SDR that can be locked to a phase-stable external 
frequency standard. Flex also makes a SDR system (
http://www.flex-radio.com/Products.aspx?topic=CDRX-3200) for the 
surveillance community that might be adapted to VLBI’s 

needs. 
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Non-commercial SDR that may be relevant 

GNU Radio (http://gnuradio.org/redmine/wiki/gnuradio) 
represents a major collaborative effort from a number of 
sources.   

All the GNU software is supported on the USRP hardware 
available from Matt Ettus (http://www.ettus.com/). FYI – 
Ettus was recently acquired by National Instruments and I 
anticipate NI will be making a splash in the SDR world 

soon. 

HPSDR – the High Performance SDR is an all-amateur, 
open- source effort (http://openhpsdr.org/, http://tapr.org  
and http://iquadlabs.com/) that has produced some very 

impressive hardware.   

Non-commercial SDR that may be relevant 

Rick Hambly (W2GPS) 
has been very active in 
HPSDR and can answer 

questions. 
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VARCIC CIC FIR 

I 

Q

CORDIC 

VARCIC CIC FIR 

Stages: 5 
Decimation:80/160/320 

Stages: 11 
Decimation: 4 Decimation: 2 

22 

22 

23 

23 

24 

24 

ADC 
Data 

Frequency 

32 

rate 
2 

Out_strobe 

Out_strobe 

Out_strobe 

Out_strob
e 

In_strobe 

In_strobe 

In_strobe 

In_strobe 

1 

1 

In_strobe 

In_strobe 

clock 

I 

Q

122.88 MHz 

24 

24 

LO 
& 

Mixers 


